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DRAINAGE IN THE HUMID AREAS OF THE UNITED STATES 


John G. Sutton, M. ASCE 


SYNOPSIS 


The object of this paper is to acquaint the engineer briefly with the extent, 
needs and current problems in drainage in the humid area. The extent of 
drainage, works of improvements and accomplishments of the principal pro- 
grams for assistance are discussed. Changes brought about by drainage and 
some brief historical notes are included. Drainage is an activity in which 
federal, state, and local agencies such as drainage enterprises and the in- 
dividual farmer cooperate in planning and construction of drainage improve- 
ments. This paper outlines the functions of the various agencies which have 
responsibilities for drainage. The kinds of assistance furnished by Soil Con- 
servation Service technicians working through soil conservation districts on 
drainage problems are described. Construction of adequate farm drainage 
systems for cultivated lands is the most extensive need, but there are some 
20 million acres of wet lands which could be drained and brought into cultiva- 
tion if required. The programs adopted by the States of Louisiana and North 
Dakota to meet special drainage needs are described. In many cases agricul- 
tural drainage has been impaired by inadequate culverts under roads or rail- 
roads. The paper cites the need for attention to this problem and refers to 
the Ohio Turnpike drainage standards as an example of how this problem may 
be met. Other technical problems including those met in tile drainage and 
some of the principal research needs are outlined. 


INTRODUCTION 


About one-third of the cultivated land in the humid areas of the United 
States requires drainage. Shallow surface drains, the bedding system of cul- 
tivation, and land clearing or smoothing are farm-drainage practices to col- 
lect and remove surface water from cultivated fields. Tile drains are used to 
lower the ground water table and provide the aeration of soil that is needed 
for optimum plant growth. Open drains are also used for ground water con- 
trol in some locations. Outlet drains are constructed to transport flow from 
surface and subsurface drains to streams or other outlets. Levees, dikes, 
and diversion ditches are used to protect drained lands from overflow. Drain- 
age pumping plants are used where it is not feasible to remove drainage water 
by gravity flow. Controlled drainage is obtained through the regulation of 
water levels by means of structures installed in open or closed drains. Vari- 
ous types of structures are required in connection with all practices. 

In many locations, the farms lack adequate outlets for drainage under na- 
tural conditions, and two or more landowners must act jointly to construct 
the necessary outlets and other drainage works. Such construction is done 


1. Head, Drainage Section, Engineering Division, Soil Conservation Service, 
Washington 25, D.C. Member of Am. Soc. of Agricultural Engineers. 
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through community or group drainage enterprises, such as drainage districts, 
county and township drains, state enterprises and informal groups. The con- 
struction of group drainage works in the humid area has been in progress 
since the country was settled. It has permitted development of large areas of 
the country’s most fertile lands. 


Extent of Drainage 


Figure 1 shows the location of drainage enterprises according to the 1950 
Census of Agriculture, Vol. IV, Drainage of Agricultural Lands. The princi- 
pal drainage works constructed by these drainage enterprises include open 
ditches, tile drains and levees or dikes. Substantial areas are drained by 
pumping and interest in this practice is increasing. Table 1 shows the land 
drained, the principal items of drainage works in 14 states in the humid areas, 
and the national totals. The states selected are those which showed an excess 
of one million acres in drainage enterprises according to the 1950 Census. 


Changes and Benefits of Drainage 


The changes which resulted from drainage may be realized by comparing 
the original conditions with those which exist now. The midwest prairies or- 
iginally contained a succession of shallow lakes, swamps, and wet lands. To 
give a word picture of conditions before drainage and to show what was ac- 
complished by this work, the following quotations are taken from a passage 
in an interesting book entitled LONG’S EXPEDITION TO THE SOURCE OF ST- 
PETER’S RIVER IN 1823. The book was written by W. H. Keating, professor 
of mineralogy and chemistry, University of Pennsylvania, and published in 
1825. The Long expedition was undertaken in 1823 by order of Hon. J. C. 
Calhoun, Secretary of War, to obtain information relating to the undeveloped 
country west of the Alleghenys. The following discusses conditions east of 
Fort Wayne, Indiana, and south of Chicago. 

“Near to this house we passed the state line which divides Ohio from 

Indiana. . . . The distance from this to Fort Wayne is 24 miles, with- 

out a settlement; the country is so wet that we scarcely saw an acre 

of land upon which a settlement could be made. We traveled for a 

couple of miles with our horses wading through water, sometimes to 

the girth. Having found a small patch of esculent-grass (which from 

its color is known here by the name of blue-grass), we attempted to 

stop and pasture our horses, but this we found impossible on account 

of the immense swarms of mosquitoes and horse flies, which tormented 

both horses and riders in a manner that excluded all possibility of rest.” 


“From Chicago to the place where we forded the Des Plaines, the coun- 

try presents a low, flat and swampy prairie, very thickly covered with 

high grass, aquatic plants, and among others the wild rice. The latter 

occurs principally in the places which are still under water; its blades 

floating on the surface of the fluid like those of the young domestic 

plant. The whole of this tract is overflowed during the spring, and 

canoes pass in every direction across the prairie.” 

One travelling over the same route today would observe the urban develen- 
ment, especially around Chicago and Fort Wayne. The agricultural land which 
has been drained is among the most productive and most valuable of any in the 
Cornbelt. Substantial farm buildings are located in places which formerly 
were swampland and thriving villages serve the prosperous farms. A similar 
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change has occurred in most of the drained areas shown in Figure 1, but the 
drainage problems are not all solved even in these areas. Public drains are 
in need of rehabilitation and maintenance and better farm drains are a general 
need as a sound base for sustained conservation farming. 


Historical Notes 


Elliott and McCrory have? published valuable historical references on the 
progress of land drainage in the United States. Darby* covered historical de- 
velopment of drainage of the English Fens from about 1500 to the present. Ex- 
perience with drainage in England served as a basis for the drainage of rice 
lands in South Carolina in colonial times and for early state laws for commun- 
ity drainage projects. F 

In 1754, the colony of South Carolina passed a drainage act providing for 
drainage of the Cacaw Swamp. The colony of New Jersey enacted a drainage 
law in 1772. Several states passed drainage laws soon after the Revolutionary 
War. Progress in the formation of drainage enterprises was slow until about 
1870, when several states enacted drainage laws similar to those now in force. 
They provided for drainage districts and county drains. 

Table 2 shows the rate of development of organized enterprises according 
to the U. S. Census. 

Under-drainage with manufactured tile was commenced in the United States 
in 1835 by John Johnston of Seneca County, New York. McCrory states that 
Johnston’s tile were manufactured by hand from patterns brought over from 
Scotland. A total of 1,140 tile factories were in operation by 1880, chiefly in 
Indiana, Illinois, Ohio, Michigan, and Iowa. 

McCrory also stated a large drainage district in Illinois, Mason-Taswell 
Counties, began construction of a main drain 14-1/2 miles long in 1883. This 
was the longest drainage ditch in the country at that time and its construction 
was the first instance in which steam-driven dipper dredges were used suc- 
cessfully in drainage work. This was said to have worked a revolution in 
drainage. In 1903, Page and Schnable built the first drag-scraper excavator. 
The dragline excavator has gradually supplanted the floating dipper dredges. 


Drainage Enterprises 


In most states, community-type drainage enterprises are organized under 
general or special state laws. Drainage districts usually have their own 
board of managers but county drains are usually under the direction of the 
governing body of the county. Organization of both forms of enterprises is 
based on a petition in which usually from a majority to two-thirds of the land- 
owners and acreage are represented. Establishment of a drainage enterprise 
usually requires that it be conducive to the health and welfare of the commun- 
ity, that a feasible plan of drainage be prepared by a competent engineer, that 
the benefits to be derived be shown to exceed the costs, and that objectors be 
given a fair opportunity to be heard in court if grievances cannot be settled by 
other means. 

The present extent of drainage enterprises may be reviewed by a study of 
the 1950 Drainage Census. Thirty states reported 14,066 drainage enterprises 


2. Elliott, C. G., Engineering for Land Drainage, John Wiley and Sons, 1919, 
pp. 1 to 20, and McCrory, S. H., Historical Notes on Land Drainage in the 
United States, Proceedings, American Society Civil Engineers, Sept. 1927, 


p. 1628. 
3. Darby, H.C., The Draining of the Fens, Cambridge University Press, London. 
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comprising 50,655,190 acres, nearly all of which were classed as drainage 
districts. In 10 states, drainage enterprises consist principally of county 
drains and for census purposes the drainage in each county was considered 
as a single enterprise. In these 10 states, 52,033,141 acres were reported in 
drainage enterprises. 

The large number and small size of drainage enterprises was brought out 
in the 1940 Drainage Census, which recorded 41,691 drainage enterprises of 
less than 500 acres each, comprising a net land area of 4,378,743 acres and 
37,529 enterprises in excess of 500 acres, comprising 82,588,296 acres. Al- 
though the land area quoted was net area, the totals of enterprises included 
sub-districts and informal groups which often overlapped other drainage en- 
terprises. Because of their small size, many drainage enterprises have been 
unable to employ adequate management and competent engineers. 


Land in Need of Drainage 


The most extensive problem at present is the development of adequate farm 
drainage systems. These are the works needed on each farm after outlets 
have been provided. There is a vast difference in the productive capacity of 
well-drained land, used with proper conservation practices, and the partially- 
drained land so frequently found on farms. Good drainage is so important for 
efficient crop production that it is often the first practice to be installed in a 
farm conservation program. Many cultivated fields which appear to have sat- 
isfactory drainage are actually in need of a well-planned drainage system. On 
the basis of present information, there seems little doubt that the construction 
and maintenance of farm drainage systems is needed for about one-third of all 
cultivated land. 

Land that is now wet but on which drainage is possible constitutes a valuable 
asset for future development of agricultural land. The current crop surpluses 
discourage the immediate drainage of wet non-crop lands on a large scale. 

Dr. H. H. Bennett, in his testimony before a sub-committee on agriculture and 
forestry in the Senate on June 5, 1944, made estimates of land which can be 
drained by states as shown in Table 3. Since then, estimates of conservation 
needs have indicated the total is somewhat larger, or about 20 million acres. 
This figure now is generally accepted as the estimate of land which can be 
drained and cultivated. These lands include mostly timbered and marsh areas. 
However, some of the lands included are presently too wet to utilize efficiently 
but on which crops are grown occasionally. Not included are some 70 million 
acres of wet lands now considered most adaptable to wildlife, recreation, and 
limited use for grazing and timber growing. 

It also has been estimated that the outlet works in existing drainage enter- 
prises, including 30 million acres, are in need of rehabilitation or improve- 
ment. There is a considerable volume of reconstruction, improvement, and 
maintenance to be done each year to improve land drainage, and advancements 
in designs have made much of the earlier drainage work obsolete. 

One of the principal problems is to secure regular maintenance of drainage 
works, which will insure good drainage and stable agricultural production. 
Many drains fill up until the damage due to inadequate outlets becomes exces- 
sive and the drains must be reconstructed. Rehabilitation of the more success- 
ful outlet drains has occurred at 10- to 20-year intervals. However, labor and 
equipment shortages and economic conditions have caused much needed drain- 
age work to be delayed. 

The chief type of work involved in construction and rehabilitation of drain- 
age outlets is the clearing and excavation with draglines. Much structural 
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work is also included, as well as work on other drainage practices such as 
levees and tile drains. 


Soil Conservation Districts Program 


In furthering the program of soil conservation districts, the Soil Conserva- 
tion Service has provided a broad prograim of technical assistance to drainage 
enterprises and individual farmers. Drainage has become an integral part of 
the soil and water conservation program. All states have made it possible for 
farmers to organize soil conservation districts and over 80 percent of farmers 
are now located in such districts. On request, the Soil Conservation Service 
and Office of the Solicitor of the Department of Agriculture have cooperated 
with states and local agencies on problems in respect to state drainage laws. 

The governing body of these districts receives requests from farmers or 
group enterprises for assistance on specific drainage problems and authorizes 
technicians to provide such assistance where possible. Frequently, a prelim- 
inary study and survey are required to determine drainage needs and the feas- 
ibility of drainage, and supply the information needed for planning a drainage 
system for a large area. Local people interested in drainage then consider 
the proposals and determine whether they can finance the necessary expendi- 
tures. Most of the group jobs are small, financed by an existing drainage or- 
ganization or an informal group. After construction is assured, detailed sur- 
veys, plans, and designs are prepared. Drainage groups or enterprises gen- 
erally let contracts for construction and they arrange for financing the work. 

The Soil Conservation Service encourages drainage enterprises and soil 
conservation districts to employ private engineers. Frequently, the Service 
prepares a preliminary plan which sets forth the capability of soils for agri- 
cultural use, the feasibility of drainage, and the approximate locations and de- 
signs of drainage works. On many projects, after the preliminary report has 
been accepted, private engineers make the detailed surveys and designs in ac- 
cordance with recognized standards, supervise construction, and represent 
the drainage enterprises in legal and court work. 

Some of the principal accomplishments in providing technical assistance in 
the group drains are shown in Table 4. 

Technical assistance on farm drainage work is provided to the individual 
farmer in connection with working out the farm conservation plan. These plans 
provide for technical assistance on other conservation practices as needed, in- 
cluding a soil map and a determination of land capability and the proper use for 
each field. Soil amendments, including lime and fertilizers are generally re- 
quired to secure optimum crop production. A proper crop rotation is usually 
essential to maintain and improve soil fertility and to maintain the soil struc- 
ture and soil permeability. Erosion control measures are often required on 
the watershed, including streambank control to protect drainage systems. Soil 
conservation districts do not furnish any funds to farmers but conservation 
payments are made under the ACPS as outlined below. 

The accomplishments in drainage in humid-area states under the soil con- 
servation district program are summarized in Table 5. Accomplishments for 
drainage in the western states are listed, but drainage work in those states 
was principally on irrigated lands. However, a considerable volume of drain- 
age work has been accomplished in the humid western slopes of Washington 
and Oregon. Many farm drainage systems include dikes, drainage structures,. 
pumping plants, and other practices in addition to open and closed drains 
shown in Table 5. 
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Agricultural Conservation Payments 


Congress has enacted legislation providing financial assistance to farmers 
who complete needed conservation practices in accordance with provisions of 
the program. This program was operated for some years under the Produc- 
tion and Marketing Administration, U.S. Department of Agriculture, and more 
recently has become the Agricultural Conservation Program Service. Pay- 
ments are made for a large list of practices, including measures for erosion 
control, irrigation, and drainage. The county committees have considerable 
discretion over the practices for which assistance is made available in the 
county. Payments for drainage work are not available in some locations. 
Since 1951, the Soil Conservation Service has been responsible for furnish- 
ing technical assistance for this program. This includes assistance in the 
preparation of practice standards and specifications. After the farmer makes 
application for assistance, the technician determines the feasibility of the 
practice, approves the site selection, makes necessary designs and layout, 
and checks compliance to determine that the installation complies with speci- 
fications. Table 6 outlines some of the major accomplishments in the drain- 
age phase of this program for the 1952 program year. 


Special State Programs 


Difficulties encountered in the financing, organization, management, and 
operation of drainage enterprises have led to many special programs for 
handling drainage work. Those in Louisiana and North Dakota are of particu- 
lar significance. 

The state-wide drainage plan of Louisiana, begun in 1941 by the Department 
of Public Works, has resulted in outstanding long-range accomplishments. 
This program has been primarily responsible for the increase of 7,942,041 
acres in drainage enterprises in Louisiana in the decade ended in 1950. This 
program benefited greatly from the levees and main outlet channels construct- 
ed by the Corps of Engineers. Many of these works of improvement were di- 
rectly responsible for making land drainage possible in the lower Mississippi 
delta. 

Previously, the drainage works in the state were constructed by small 
drainage districts. The 1951 Biennial Report of the Louisiana Department of 
Public Works states that the works of these drainage districts were construct- 
ed without regards to capacity, or to outlet streams, or to the effect on small 
local improvements, without provisions for adequate maintenance, and with 
high interest rates on bonds. 

Under the Louisiana program, the governing board of parishes (counties) 
constructed main ditches and laterals. The engineering assistance was pro- 
vided under supervision of the Department of Public Works, which has em- 
ployed an experienced staff of drainage engineers. The parish assumes re- 
sponsibility for bonds and assets of the previous drainage districts. An elec- 
tion is held for the issuance of bonds. If the election is favorable, the parish 
issues the bonds for construction of a system and the retirement of old bonds. 

State general funds frequently have provided about 40 percent of construc- 
tion costs and parish funds about 60 percent. The state-wide program was fi- 
nanced through a special state appropriation of $5,000,000 to the Department 
of Public Works in 1945 and a like amount in 1948. The 1951 report showed 
progress in 27 parishes which undertook major drainage construction, with the 
initial program complete or nearly complete in 19 parishes. : 
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Soil conservation districts have a large program after parish outlets are 
constructed. They assist small groups of farmers on cooperative drains to 
reach the outlet. Farm drainage is one of the most important practices in the 
district program. 

North Dakota has provided substantial state assistance to organized drain- 
age enterprises in the last decade. The state has about 1-1/2 million acres 
in drainage enterprises, of which a large proportion are in the Red River Val- 
ley. During the prolonged drouth of the thirties, there was little need for 
drains. In fact, many miles of ditches were almost closed by wind-blown soil. 
Many of the section line roads were constructed so that they greatly retarded 
drainage, because road fills were raised and small culverts were placed too 
high. When rainfall became normal again the lack of effective drainage re- 
sulted in extensive crop failures. Emergency measures were undertaken to 
improve the drainage. 

The state legislature made some state funds available through the State 
Water Conservation Commission. State funds were used to pay approximately 
40 percent of the reconstruction costs of the public drains which qualified for 
assistance. The farmers organized soil conservation districts throughout the 
area, and these districts secured technical help for the program from the Soil 
Conservation Service. The ACP program made an important contribution 
towards the success of the program by making conservation payments to 
farmers for farm drains. This program, utilizing resources from several 
agencies, has been highly successful and has reestablished the Red River Val- 
ley as a highly -productive area. 

Soil Conservation Service engineers generally made the surveys, prepared 
the plans, made the designs, and supervised construction in connection with 
this work. Assistance of this type was furnished on 670 group jobs, benefiting 
3,922 farms and 947,850 acres, which were completed in the state up to Dec- 
ember 31, 1952. This work included 1,007 miles of open ditches, requiring 
10,212,443 cubic yards of excavation. The group job included work on county 
drains and for informal groups of farmers. In addition, technical assistance 
under the district program was provided for the completion of 4,925 miles of 
farm drains which drained 678,758 acres. 

A few counties in Texas have undertaken construction of county-wide drain- 
age systems, financed by county funds but otherwise under a plan similar in 
principle to the coordinated county drainage systems described for Louisiana. 
Another interesting venture has been undertaken in Washington County, Missis- 
sippi, where several drainage districts combined resources for rehabilitation 
and maintenance of their drainage works while they maintained their separate 
legal identities. The drainage districts jointly employed an engineer, erected 
a machine shop, and purchased equipment to carry out drainage work as a reg- 
ular activity. 

Some of the larger drainage districts have employed highly competent tech- 
nical staffs. In most states, however, the drainage work is still being handled 
by small drainage districts, with great variations in operating results. Most 
districts carry out maintenance and rehabilitation work by letting construction 
contracts, a plan which is found to be economical. 

Several states have recognized problems in connection with state drainage 
laws and have undertaken revisions of these statutes. The state of Delaware 
enacted legislation in recent years and has commenced operating under a 
simplified drainage program. Technical control is invested in a state drainage 
engineer. Assistance of soil conservation districts is fully utilized. The pro- 
gram is working smoothly as a result of the improved legal procedures. 
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Maryland enacted a new and simplified drainage code in 1941, which worked 
out quite well in practice. 


Drainage and Flood Control 


Congress has enacted legislation which for many years has authorized large 
programs under flood control legislation. These have been carried out by the 
Corps of Engineers, U.S. Army and more recently by the Department of Agri- 
culture. Programs of both agencies often have an important or decisive influ- 
ence on the feasibility of draining land. The levees and major channel im- 
provement work of the Army Engineers have made it possible for drainage en- 
terprises and landowners to drain large areas of fertile bottom lands along the 
Mississippi, Missouri, Red River, Arkansas, Illinois, and other major rivers. 

The Department of Agriculture is carrying out watershed protection proj- 
ects, flood prevention and erosion control work in many locations. 

The new watershed protection program authorized by the last Congress, 
while not including drainage systems or works, does provide protection to 
many bottom land areas along small streams. The program, under which 
about 65 projects have been approved, provided $5,000,000 for the current fis- 
cal year. It offers great promise for future development of many of the bottom 
lands or other flat lands which cannot be developed by drainage enterprises or 
landowners. Such development may be expected to come about following the 
control of flash floods in the upstream reaches. 

Space does not permit further discussion of these programs except to rec- 
ognize their influence on all drainage work dependent on or benefited by them. 


Assistance by Other Agencies 


Other types of assistance have been provided to drainage enterprises and 
farmers in undertaking drainage work. The U.S. Department of Agriculture 
provided technical assistance through Office of Drainage Investigations from 
1904 to about 1920. This office employed a number of drainage engineers, 
who made plans for drainage and reclamation of large areas throughout the 
country. Costs of surveys were borne partially by local interest. Many of 
these plans are still available and, where available, form a valuable reference 
for rehabilitation of drainage works. 

About 1920, the main emphasis in drainage investigations was shifted to 
research. Research work continued as a major Department of Agriculture ac- 
tivity in drainage, and numerous technical bulletins were published by the De- 
partment as a result of such research. 

Forty-six Civilian Conservation Corps Camps for drainage work were as- 
signed in 1935 to the Bureau of Agricultural Engineering, which then had re- 
sponsibility for drainage work. These camps were located in 10 states. The 
work they did benefited about 12 million acres. It consisted chiefly of clearing 
and excavating open drains, a total of 6,444 miles of ditches was excavated, in- 
volving 64 million cubic yards of earth. This program was limited to rehabil- 
itation and improvement of existing drainage enterprises organized under state 
drainage laws. 

The public works programs and the work relief programs also contributed 
extensively to the work on drainage systems in the late 1930’s. The CCC and 
these public works programs enabled many drainage enterprises to rehabili- 
tate drainage works that had become ineffective during depression years. 
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In legislation enacted by Congress in 1933, the Reconstruction Finance 
Corporation was authorized to lend money to drainage and irrigation enter- 
prises in financial distress. This agency provided the assistance which per- 
mitted many districts to continue operations during the depression years. 
Where bonds were in default, a settlement could usually be negotiated by the 
bondholders, Reconstruction Finance Corporation, and the drainage enterprise. 
Bondholders generally accepted as a cash settlement sums ranging from 30 to 
75 percent of the face value of their bonds. The Reconstruction Finance Cor- 
poration secured new bonds from the drainage enterprise to retire the old 
ones and provided additional funds, if necessary, for rehabilitating the works 
of the district. Thus, a sound financial plan enabled the drainage enterprise 
to keep operating and improve drainage works. Under the program, the Re- 
construction Finance Corporation loaned about 40 million dollars to some 300 
drainage enterprises in about 26 states. Many of these were among the larger 
drainage districts. With minor exceptions, the funds advanced by the federal 
government have been paid as due under this program. ; 

The Federal Land Bank System maintains a staff of engineers to advise the 
banks on factors to be taken into account in making long-term farm mortgage 
loans in areas affected by drainage, flood control and irrigation problems. 
This system consists of 12 farmer-owned banks, which are privately financed 
but operate under federal supervision of the Farm Credit Administration. The 
engineering staff periodically investigates and prepares reports on physical 
and economic conditions in areas involving some 60 million acres of land af- 
fected by drainage and overflow problems in the humid sections of the country. 
This work is privately financed and the engineering reports are not published 
for distribution to the public. Nevertheless, the Federal Land Banks have been 
cooperative in giving agencies interested in improving conditions access to the 
information contained in these reports. These banks have been helpful also in 
making loans to farmers for the purpose of financing drainage improvements 
that will increase crop production. 


Current Problems in Technical Phases 


Space permits only a brief discussion of some major technical problems in 
drainage engineering. 

There is a need for improved methods of maintenance and more detailed 
information relating to the effectiveness and costs of the different methods. 
Considerable interest has developed in spraying ditch banks with chemicals to 
control undesirable vegetation. In some cases, damages to adjoining crops and 
unsuccessful trials have curtailed further use. Some ditches have been main- 
tained by mowing weeds with a tractor and mower or by pasturing. Compari- 
sons of these methods with other methods should be made to determine relative 
costs and effectiveness. 


Drainage Requirements of Culverts and Bridges 


Inadequate culverts under highways, roads, or railroads have caused many 
delays and additional costs in providing proper drainage for farm land. This 
has been one of the major problems in rehabilitating drains to adequate stand- 
ards. It is desirable for civil engineers who are responsible for the design of 
culverts and bridges to take a close look at the drainage needs of agricultural 
lands. Probably the greatest difficulty arises from placing culverts too high 
for agricultural drainage needs. This problem has not been solved in many 
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states. Just recently, the writer observed twin culverts which had been in- 
stalled under a new four-lane divided highway of the most modern design. 
All details had been worked out carefully, except the culverts were at least 
2.5 feet too high to serve the agricultural drainage needs. 

There is one highway now being built where excellent drainage standards 
have been incorporated in the design standards. The Ohio Turnpike traverses 
the “Old Black Swamp” section for over 100 miles, over which the right-of- 
way crosses many networks of tile and open drains. The Ohio Turnpike Com- 
mission recognized that it was essential to provide for future agricuitural 
drainage along its right-of-way. 

The Ohio Turnpike drainage standards have been described by Luebcke* in 
detail in a recent article. Standards for capacity and other drainage criteria 
were developed in consultation with landowners, county engineers, Ohio State 
University, and the Soil Conservation Service. In numerous cases, provisions 
for future drainage across the turnpike was made by installing culverts of 
adequate size and depth and sealing both ends. This procedure safeguards 
the right of landowners to drain their lands in accordance with provisions of 
state laws. 

Provisions for adequate drainage have been of great help in securing rights 
of way from farmers who understand that drainage needs of their lands will be 
provided for. The structures installed by this turnpike in accordance with 
these standards will not be a limiting factor in either existing or future drain- 
age improvements. 


Tile Drainage 


There have been many compiex technical problems associated with the de- 
sign and maintenance of tile drains. Many tile drains have failed through frost 


action on clay tile and the action of sulphates and acids on concrete tile. In 
many cases, tile with inadequate strength or of high absorption has been man- 
ufactured and sold. This resulted in early failures in areas exposed to over- 
loading or freezing and thawing conditions. 

The American Society for Testing Materials prepared specifications for 
varicus grades of drain tile. The Soil Conservation Service is working on 
methods of improving the quality of drain tile, including recommendations for 
the adoption of ASTM specifications where applicable. Many drain tile manu- 
factured from surface clays cannot meet recent ASTM specifications (C 4-50T) 
but may furnish satisfactory service in farm drain installations, especially in 
the south where freezing and thawing are not of much consequence. Investiga- 
tions to establish the quality requirements of drain tile for various conditions 
of exposure should be undertaken. 

Effective research work has been done on the resistance of concrete tile 
to acids and sulphates. The publications by Miller and Manson’ contain much 


4. “Special Drainage Along Ohio Turnpike to Protect Tiling” by Henry Luebcke, 
drainage engineer with J. E. Greiner, consulting engineers to the Ohio Turn- 
pike Commission, published Roads and Streets, July 1953. 

5. Miller, Dalton G. and Manson, Philip W., “Durability of Concretes and Mor- 
tars in Acid Soils with Particular Reference to Drain Tile,” Tech. Bul. 180, 
University of Minnesota, Agricultural Experiment Station 1948. 


Miller, Dalton G. and Manson, Philip W., “Long-time Tests of Concretes 
and Mortars Exposed to Sulfate Waters,” Tech. Bul. 194, University of 
Minnesota, Agricultural Experiment Station 1951. 
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information relating to durability of concrete and mortars under exposure to 
acid and alkali conditions. 

In many states, the engineers, soil scientists, and technicians of the Soil 
Conservation Service and state agricultural college cooperate to work out 
recommendations for the depth and spacing of tile drains. Such recommenda- 
tions were based on experience in soil groups and dominant soil types. Specif- 
ic recommendations in some states are available for some 50 to 100 soil types. 

A committee of the American Society of Agricultural Engineers has pub- 
lished tentative standards for design and construction of tile drains in humid 
areas. (See Committee Report, Agricultural Engineering, July 1953 issue, 
volume 34, No. 7) This report is to be amended after comments are received. 


Research Needs 


There are many investigations of a general nature that should be made to 
encourage further improvement in drainage. Research studies are needed to 
determine criteria for effective design of outlet ditches and farm drainage 
systems, including types, capacity, spacing, and depth. Much interest has 
been evident in developing formulas and procedures to determine depth and 
spacing of tile drains based on permeability of soil. Research work should be 
done on criteria and methods of laying tile, including protection and spacing 
of joints in sandy and erosive soils and on steep slopes. This should cover 
the use of interceptor and cther tile systems on sloping lands. 

Grading land to improve drainage is a comparatively new practice in the 
humid area. Specific guides need to be developed to establish desirable grades, 
maximum depths of cut, and soils and crops for which this practice is recom- 
mended. 

Mole drainage has been used extensively in England and other European 
countries. In the United States, the practice has been emphasized infrequently 
outside of Florida where it has been used commonly in organic soils. A hy- 
draulic-lift mole drainage machine was developed by the Soil Conservation 
Service and should encourage trials to determine feasibility, depth and spac- 
ing of this practice. 

The widespread availability of electric power and tractors on the farms is 
responsible for considerable interest in the construction of small pumping 
plants. Small drainage pumping plants have been used on lake plains soil, 
such as northwest Ohio, and to drain depressional areas where it was not 
feasible to deepen outlet ditches. Work should be done to establish criteria 
for design and installation of such plants. 

Additional investigations are needed to determine location, procedures and 
feasibility of drainage required for development of wet lands in the United 
States. 
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Table l. 


SUMMARY OF DRAINAGE WORK OCF ORGANIZED DRAINAGE 
ENTERPRISES FOR 14 STATES WITH U, S, TOTALS 
10M 
Length Length Length Area 
Land in Increase of tile levees served 
enterprises since ditches drains & dikes by 


State 1950 1940 1950 1950 1950 Dumps 
acres acres miles mile mile acres 


Ohio 8,923 ,362 1,194,095 18,770 
Indiana 11,017,709 395,757 22,206 
Michigan 10,194,439 1,216,053 20,163 
Minnesota 11,269,962 279,553 16,21 
Towa 6,734, 863 570,519 5393 
North Dakota 1,572,220 196,179 1,034 
Dlinois 279,461 7,135 
Missouri 60,421 5,222 
Florida 384,654 7,285 
Mississippi 133,126 4,716 
Arkansas 108,357 6,153 
Louisiana 7,942,041 9,222 
Texas 1,575,936 5,854 
North Carolina 1,128,509 302 ,933 2,250 


All other states 11,563,992 582,207 23,836 
Total U. S, 102,688,331 15,721,292 155,453 


a/ Data obtained by adding totals reported 1940 census and new works constructed 
during 1940 to 1950 


b/ Data from 1940 census 


S/ Data from 1930 census 


10,171 5 - : 
10,803 159 5 ,4120/ 
3,375 u goab/ 
9,973 1,3158/ 
13,038 492 31, 7540/ 
10 - o 
4,314 1,177 315,363 
170 704, 67,217 
16 1,132 293,124 
34 191 8,0408/ 
347 3 ,9008/ 
790 
13 69 
5 
56,315 7,313 
460-13 
i 


Table 2 


RATE OF DEVELOPMENT OF DRAINAGE ENTERPRISES, UNITED STATES -- 


Capital invested to 


1905 
1910 
1915 
1920 
1925 
1930 
1940 


1919 
1924 
1929 
1939 
1949 


Acres 
02,688 .331 


919,117 
2,516,942 
6,052,807 
5,957,503 
7,665,823 

18,328,017 
16,448,377 
15,802,902 
7,428,179 
3,288,426 
2,558,946 
15,721,292 


Dollars 


1,263,389 
11,317,896 
28,035,384 
32,838,911 
34,139,656 

111,612,254 
125,953,183 
190, 583 ,008 
102,976,838 
42,012,361 
10,991,639 
23,872, 4220/ 


V/ In addition a total of $179,033,770 was spent by drainage enterprises 


during 1940 to 1949, classified as "Construction, operation and 


maintenance," 
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and Capital by Date of Organisation 
| 
Before 1870 
1870 - 1879 
1880 - 1889 
1890 - 1899 
1900 - 1904 q 
- 1909 
- 19% 


Table 3 


Areas of Fertile Undeveloped Wet Land in the Humid Section of the 
United States That Can be Provided with Drainage at Reasonable Cost ]/ 


Area 
in acres 


683,000 
1,870,000 
22 


Massachusetts 
Michigan 
Minnesota 
Mississippi 
Missouri 
Nebraska 

New Hampshire 


State 


New Jersey 
New York 
North Carolina 
North Dakota 
Ohio 

Oklahoma 
Oregon 
Pennsylvania 
Rhode Island 
South Carolina 
South Dakota 
Tennessee 
Texas 

Vermont 
Virginia 
Washington 
West Virginia 
Wisconsin 


TOTAL 


17,948,000 


1/ Does not include 78,000,000 acres of wet land suited for wildlife, 


recreational uses and the growth of timber, etc. 


a 
Area 
State || in acres 
Alabama 60,000 
Arkansas 100,000 
Connecticut 1,157,000 
Delaware 34,000 29,000 
Florida 1,970,000 95,000 | 
Georgia 1,721,000 64,000 | 
Illinois 69,000 61,000 
7 Indiana 135,000 90,000 
Iowa 56,000 4,000 
Kansas 30,000 966,000 7 
Kentucky 170,000 88,000 
Louisiana 2,197,000 242,000 
Maine 64,000 1,690,000 
Maryland 63,000 18,000 
19,000 514,000 
690 ,000 137,000 
874,000 15,000 
1,272,000 316,000 
323,000 
22,000 
18,000 
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Table 4 


GROUP ENTERPRISE PLANS (INVOLVING TWO OR MORE FARMS) 
IN SOIL CONSERVATION DISTRICTS, UNITED STATES TOTALS 
CALENDAR YEAR 1952 AND CUMULATIVE TO DECEMBER 31,19522/ 


Group job plans 
Areas to be benefited 
Estimated total cost 
Group jobs completed 
Farms benefited 
Area benefited 


U 
Number 
Acres 

Number 
Number 


Acres 


Some principal practices installed: 


Ditch & canal excav. 
Ditch & canal excav. 
Spoil bank leveling 
Levees & dikes 

levees & dikes 
Channel stabilization 
Closed drains & pipe 


Structures 


1/ Group enterprise plans are defined as any job involving two or more land- 
owners or operators who agree to work tegetherto carry on the construction, 
operations and maintenance specified in the plans, 


Miles 
Cu. yds, 
Cu, yds. 
Miles 
Cu, yds. 
Miles 
Ft. 
Number 


Group __ Drainage 


1,344 
683 ,034 
3,950,677 
1,130 
6,925 
522,189 


1,177 
10,155,966 
6,087,330 
333,301 

2 
545,597 
908 
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mulative 


9,538 
6,744,090 
33,733,145 
7,475 

yh22 

256,413 


9,477 
85,332,638 
41,968,132 
240.1 
3,121,460 
202 
2,490,328 

6,325 


q 
| : | 
mind 
fi 
1 


Table 5 


Farm drainage applied by soil conservation district cooperators, 
with SCS technical assistance, calendar year 1952, and cumlative 
to December 31, 1952 


Applied Cum. to 
or insular poss. 1952 12 2 


Alabama 
Arizona 
Arkansas 
California 
Colorado 
Connecticut 


Mary 
Massachusetts 
Michigan 
Minnesota 
Mississippi 
Missouri 
Montana 
Nebraska 


West Virginia 
Wisconsin 


United States 
Total 1,563,705 


5 
103 
Caribbean Area 4,620 


Grand Total 1,568,433 8,530,605 


q 
Farm Drainage Open Drains Tile Drains 
Tpplied to Applied Cumu. to 
1952 12/31/52 1952 12/31/52 
Acres Acres Miles Miles Miles Miles 
46,126 230,451 387 2,010 i 8 
wu 411 1 5 - 2 
106,832 405,888 942 - 9 
32,623 87,653 a5 576 339 903 " 
7,028 345171 52 261 43 147 
454, 3,382 10 78 2 Ms 12 
Delaware 3,497 16,710 86 408 - 1 
Florida 95,671 702,647 2,473 10,841 16 286 
Georgia 275849 2245555 223 1,735 6 30 
Idaho 13,473 335 7hL 132 289 22 39 
Tllinois 39,169 233,927 295 1,280 659 3,526 
Indiana 26,032 131,708 170 712 702 2,330 
Towa 40,783 191,020 258 980 1,950 5,131 
e. Kansas 65,022 ° 2495767 490 2,308 2 3 
Kentucky 375579 195,532 489 2,473 219 1,137 
Louisiana 116,451 763,324 2,400 11,480 - 
Maine 390 5,155 19 174 6 32 
2 11,082 90,500 273 2,269 10 63 
578 5,019 13 5 a 
20,269 89,991 230 758 672 1,952 
49,766 186,991 602 1,527 568 1,774 
191,814 1,311,597 2,427 9,714 - 1 
435250 103,632 301 920 a a 
13,051 87,574 151 793 3 10 
37,224 155,002 324 1,520 34 48 
Newada l, 596 lb, 986 25 110 - 1 
New Hampshire 736 1,877 u 47 
New Jersey 2,452 12,820 58 316 42 143 
New Mexico 1,231 3,987 3 27 - 2 
New York 12,516 92,415 137 1,210 233 1,384 
North Carolina 599374 335,968 967 6,097 197 1,355 
North Dakota 167,122 678,758 1,309 49925 - 2 
Ohio 19,524 90,411 142 528 1,184 3,806 
Oklahoma 17,166 526 115 1,166 
Oregon 13,250 62,909 142 693 86 245 
Pennsylvania 4,015 149645 51 199 138 390 
: Rhode Island 49 772 1 15 - 2 
South Dakota 335489 217,170 685 352h3 7 28 
Tennessee 21,408 233,948 219 1,258 1 6 
Utah 3,308 12,159 29 178 wu 41 
Vermont 1,698 19,209 31 LAL 4 32 
Virginia 18,451 105,915 469 2,698 Th 496 
Washington 20,078 117,264 318 1,539 95 334 
2,787 19,438 64, 96 513 
23,984, 83,735 649 1,797 196 758 . 
| 
19 1 1 - - 
204, 6 20 
17,901 6 54 34419 
20,038 935281 7,706 2729, 
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Table 6 
OPEN DITCHES AND CLOSED DRAINS INSTALLED UNDER THE 1952 AGRICULTURAL 
CONSERVATION PROGRAM; AND CUMULATIVE TOTS SENT 1942-19 
Length 
Acreage of all Acreage Acreage of drain Acreage 
State d ned d drained neq ned 
Acres ods 9) Rod 
Maine 585 5,610 5,454 183 1,582 586 
N. H, 532 8,205 3, 2 215 
vt. 3,623 18,123 16,889 109 484 
Mass, 592 10,480 29,390 163 1,115 1,165 
R. I. 3 25 179 > - - 
Conn, 174 2,158 1,825 17 220 27 
Y. 10,506 60,615 230,420 9,100 Thy 406 86,441 
N. J. 2,700 17,077 11,552 1,494 22,331 5,257 
Ohio 8,294 28,402 217,674 86,608 1,611,468 782,039 
Ind, 27,642 116,332 479,027 64, 403,942 
ni. 20,354 35,626 551,740 13,638 110,867 285,778 
Mich, 52,285 248,027 2,874,937 54883 1,010,758 415, 
Wis, 32,371 180,432 1,432,752 13,457 115 ,370 201,219 
Minn, 105,348 705,918 2,327,951 32,965 473,487 305 ,397 
Towa 25,523 184,874 9, 042 1,308,203 686 ,336 
Mo, 45,657 178,610 1,534,290 1,998 > 2, 
N, Dak, 105,088 343,035 1,242,310 - - 
S, Dak, 60,552 229 9042 2,020 
Nebr, 67,076 87,644 567,054 1,267 13,135 4,120 
Del, 2,932 20,669 20,756 - 
° 10,721 59,873 76,322 593 1,930 1,637 
Va. 9,392 76,522 80,426 530 7,627 u, 
W. Va. 577 5,175 4,074 1,308 14,863 2,628 
N. C, 11,493 58,452 613,815 2,028 26,327 120,166 
Ss. C, 93,306 121,422 516,328 1,715 3,986 13,127 
Ga, 922 5,113 228,678 - - - 


Hawaii 29% 1,343 2,977 - 
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 _167,08) 414,598 2,080,776 
Ky. 14,873 67,199 116,380 3,489 51,836 14,033 
Tenn, 18,378 32,704 357,949 - - 35 rr 
Ale, 32,120 49,699 326,418 - 
Miss, 66,089 120,772 2,803 ,362 - - 
Ark, 123,194 255,741 1,766,221 bad 1,664 
Ia, 111,759 479 305 2,991,001 - - - 
Okla, 2,004 8,098 27,570 ~ - - 
: 077 818,76 0,780 
ont, 49,177 203 , 736 1,100 1,331 5,077 
Idaho 18,401 26,244 167,692 3,895 8,882 10,979 
Wyo. 6,276 16,031 134,293 544 1,968 55595 
Colo, 9,292 24,312 171,646 3,345 11,58 37,808 
N. Mex, 354 2,342 28,371 277 28 
Ariz, - - 19,580 - - - 
Utah 2,703 9,738 97,373 1,786 7,463 20,293 
Nev, 3,850 7,050 61,976 ~ - 10} 
Wash, 42,244 81,035 322,725 8,462 39,215 105, 
Oreg. 31,410 Thy 065 561,098 15,230 237,652 119,845 
Calif. 86126 99,06) 522,79) 25,002 131,223 142,735 
700 389,055 59377 95977 787 
= =. 
Acreage drained by open ditches for 1952 crop year was located on 35, farms, ; 
“ 2/ Estimated gross assistance to farmers for 1952 for open ditches amounted to $3,888,849, 
1 2/ Acreage drained by closed drains for 1952 crop year was located on 35,275 farms, 
| &/ Estimated gross assistance to farmers for 1952 for closed drains amounted to $4,450,279, 
4 


